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that, under current energy and cost conditions and with our
current knowledge of the abundance distribution and miner-
alogy of copper in the crust, it appeared unlikely that copper
ore below 0.1 percent in grade would ever be minable. This
obviously tells us that economic terms alone are not adequate
to define resources, especially for the "undiscovered resources"
that may or may not exist and whose economic value cannot
be determined.

ESTIMATION OF UNDISCOVERED RESOURCES

Paucity of reserves has, traditionally, been used to indicate the
need for additional research on extraction technology and/or
additional exploration for new deposits. The necessity to im-
prove planning for the future, however, and to avoid scarcities,
has caused many to try to estimate both the likelihood of ex-
traction-technology breakthroughs and the amount of com-
modities that may exist in the ground, for discovery and even-
tual transformation into reserves or subeconomic resources.

This desire has been expressed in estimates by geostatisti-
cians and geologists of the quantities of minerals that may be
found in yet undiscovered deposits: the "undiscovered re-
sources" (Figure 1.1). It is unfortunate, indeed, that the word
"resource" is now applied to things whose very existence is
surmised only by extrapolation, in contradiction of the popular
concept of a resource: a thing that can be counted on when in
need. However, the English-speaking world seems to be firmly
encumbered with this deceptive terminology, which results in
the use of numbers for "undiscovered resources" by politicians
and journalists with the same degree of reverence and confi-
dence as the numbers used for reserves; in fact, such numbers
can be extremely misleading, as they involve immense uncer-
tainties, and they do not describe quantities that can be counted
on.

Perhaps as suggested by B. J. Skinner (Yale University, per-
sonal communication, 1979), "undiscovered resources" should
be labeled "postulated deposits," "reserves" should be retained
with its accepted meaning, and the word "resources" should
not be used at all to include "postulated deposits."

Nevertheless, for policy formulation and for exploration plan-
ning, governments and the mining industry, respectively, are
interested in developing estimates of undiscovered resources,
Geostatistical and geologic approaches have been used. Many
geostatistical techniques have been applied, but most do not
arrive at results usable in exploration because they develop
only global or regional numbers for total undiscovered re-
sources without indicating which piece of land is more likely
to contain a mineral deposit (Folinsbee et al, 1977). These
geostatistical approaches have been described and evaluated
by Harris (1977), in a thorough, up-to-date publication. The
geologic approach in its varied forms follows steps that are
similar to those used in exploration planning. Thus, the geos-
tatistical approach has some value for national or global plan-
ning and formulation of mineral policies, whereas the discov-
ery-oriented geologic approach, as used by the U.S. Geological
Survey and the Geological Survey of Canada, has immediate

application in exploration. The former tries only to foresee the
future, the latter tries to enable it. No approach, however, can
ever yield results superior to the postulates used to formulate
the predictive model.

CURRENT STATUS OF U.S.  MINERAL
RESOURCES

The estimated apparent U.S. consumption in 1977, the per-
centage imported in 1977, the domestic reserves in 1974 and
in 1978, the identified resources (including reserves and sub-
economic), and the hypothetical undiscovered resources (es-
timated through the geologic approach) for 21 essential mineral
commodities are tabulated in Table 1.1. The reliability of such
a table to predict the future depends, to a great extent, on
political judgment as to the secure availability of imports, on
engineering judgment as to the likelihood of technological im-
provements, on economic judgment as to the growth of the
economy, and on exploration judgment as to the likelihood of
finding these yet undiscovered resources.

Even a cursory examination of Table 1.1 shows that imported
minerals constitute a large segment of our current supplies,
especially for manganese, aluminum, chromium, tin, asbestos,
fluorspar, nickel, mercury, gold, and platinum. Some potential
exists for domestic production of a few of these, but for others,
especially the first four, the outlook for national self-sufficiency
is poor.

MINERAL EXPLORATION

Exploration, the search for yet undiscovered deposits, is jus-
tified for some commodities by (1) the need for new reserves
when known reserves are inadequate for the foreseeable future,
e.g., exploration for uranium reserves producible at less than
$20/lb of U308, and (2) the desire to find deposits that will, it
is hoped, be more profitable (i.e., lower cost and/or higher
grade) than those currently mined or held as reserves. The
latter reason follows the biologic-economic laws of least effort
and maximum efficiency; it is applicable to many commodities
(e.g., Fe or Al) for which the reserves are very adequate, but
for which geological predictions point to the possibility of find-
ing more profitable deposits that can be operated at costs lower
than the average production cost for known deposits of the
same commodity.

Thus, in the early part of the twentieth century, production
from the southwestern United States and the South American
Cu deposits replaced that from the Michigan deposits that,
today, continue to contain sizable reserves, but of low profit-
ability. The central African Cu deposits were opened in the
1930's, because they promised, and then delivered, higher
profits than the southwestern U.S. deposits. Today, Cu explo-
ration continues in Arizona, in spite of large domestic reserves,
because some deposits have been discovered recently that are
of much higher grade, and potentially more profitable, than
those currently mined. The New Lead Belt in Missouri was